In this paper, the buckling behavior of zigzag BN (Boron Nitride) nanotubes under bending is studied through molecular dynamics finite element method with Tersoff potential. The tube with namely (15, 0) BN zigzag tube is investigated. The critical bending buckling angle, moment and curvature are studied and examined with respect to the tube length-diameter ratios from 5 to 30. Effects of a SW (Stone-Wales) defect in the middle tube on the bending behavior are also discussed. The results show that the tube length affects significantly the bending behavior of these tubes. All tubes exhibit brittle fracture under bending. The buckling takes place at the middle in the compressive side of these tubes. These results are important information on the buckling behaviors of pristine and Stone-Wales BN nanotubes, which will be useful for their future applications.
Introduction
 A BN-NT (Boron Nitride Nanotube) can be geometrically formed by rolling up a hexagonal BN layer or as a CNT (Carbon Nanotube) [1] in which alternating B and N atoms entirely substitute for C atoms as shown in Fig. 1 .
Various techniques have been used to synthesize BN-NTs, including arc-discharge, chemical vapor deposition, laser ablation and ball milling methods [2] . BN-NTs exhibit good mechanical properties with high elastic modulus of ~0.5-1 TPa and tensile strength of ~61 GPa [3] . BN-NTs possess distinguishable chemical and thermal stability with high oxidation resistance up to 900 ºC in air [4] , wide band-gaps independent of tube structures [5, 6] and excellent thermal conductivity [7] . BN-NTs are also an effective violet and ultra-violet light emission material [8, 9] . Potential applications of BN-NTs include nanofillers in polymeric [10] and metallic [11] composites, optoelectronic fields [8] , radiation shielding in space vehicles [12] . Potential applications of BN-NTs need a comprehension of the mechanical properties and performance of BN-NTs under various loading conditions. BN-NTs under compression [13] [14] [15] , tension [16, 17] , torsion [16, [18] [19] [20] and bending with 2 fixed or simple supports [21, 22] have been investigated. So far, theoretical studies of the buckling behavior under bending of BN-NTs seem still unexplored. It should be noted that the buckling behavior of CNTs under bending has been investigated by continuum methods, atomistic simulations and multi-scale approach [23, 24] . In this paper, the buckling behavior of (15, 0) zigzag BN nanotubes under bending is studied through molecular dynamics finite element method with Tersoff potential. The critical bending buckling angle, curvature and moment are studied with respect to the length-diameter ratios of BN-NTs. Effects of a SW (Stone-Wales) defect in the middle tube on the bending behavior are also discussed.
Framework for Analysis
Tersoff potential is used to model the B-N interatomic interactions [25] . The potential energy E of the atomic structure is a function of atomic coordinates as Eqs. (1)- (10).
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Here, the lower indices i, j and k label the atoms of the system, where interaction between atoms i and j is modified by a third atom k. r ij is the distance between atoms i and j; f A and f R are the attractive and repulsive pairwise terms; f C is a cutoff function to ensure the nearest-neighbor interactions; R ij and S ij denote the small cutoff distance and the large one, respectively; B ij is a bond-order parameter, depending on the local coordination of atoms around atom i. Further detail of the Tersoff potential is given by Tersoff, J. [25] . Force field parameters are taken from the work by Sevik, C., et al. [26] for B-N interactions. While DFT (Density Functional Theory) calculations and MD (Molecular Dynamics) simulations are time-consuming, MDFEMs (Molecular Dynamic Finite Element Methods), sometime known as atomic-scale finite element methods or atomistic finite element methods, have been developed to analyze nanostructured materials in a computationally efficient way [27, 28] . To achieve the atomic positions of the BN-NT under specific boundary conditions, MDFEM is here adopted. In MDFEM, atoms and atomic displacements are considered as nodes and translational degrees of freedom (nodal displacements), respectively. Both first and second derivatives of system energy are used in the energy minimization computation, hence, it is faster than the standard conjugate gradient method which uses only the first order derivative of system energy as discussed by Liu, B., et al. [27] . The stiffness matrices of these elements are established based upon interatomic potentials. Similar to conventional finite element method, global stiffness matrix is assembled from element stiffness matrices. Hence, relations between atomic displacement and force can be derived by solving a system of equations. Further detailed numerical procedure of MDFEM and specific development for Tersoff potentials are available in the previous work by Le, M. Q. and Nguyen, D. T. [29] and references therein. Initial positions of atoms are generated by using the B-N bond length of 1.444 Å taken from previous MD simulations [30] at optimized structure at 0 K with the same force field. (15, 0) BN zigzag tube with tube diameter about 1.194 is considered. 
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